The study was undertaken to determine whether the phenomenon of endothelium-dependent relaxation was impaired in the spontaneously diabetic BB Wistar rat. Endothelium-dependent relaxation in the aorta of overtly diabetic animals was compared with that in nondiabetic BB rats. The relaxative responses were elicited in vitro to acetylcholine (-8.0 to -5 . 5 log M) and histamine ( -7 . 0 to -3 . 0 log M) after precontraction with norepinephrine ( -6 . 0 log M). The maximum relaxations produced by both acetylcholine and histamine expressed as percentages of the contractions to norepinephrine were significantly lower in diabetic than in nondiabetic rats. Scanning electron microscopy revealed that in diabetic BB rats there was consistent evidence of swollen cells, raised nuclei, and sloughing of nuclei in endothelial cells of the aorta. In nondiabetic animals these features were not evident. These findings suggest the presence of a functional and morphological defect in endothelial cells in the aorta of the BB rat. Diabetes 36:978-81,1987 T he spontaneously diabetic BB Wistar rat is widely recognized as a model for type I diabetes (1). Although there are many investigations relating to various biochemical abnormalities in these animals, there is hardly any information available about the properties of their blood vessels.
T he spontaneously diabetic BB Wistar rat is widely recognized as a model for type I diabetes (1) . Although there are many investigations relating to various biochemical abnormalities in these animals, there is hardly any information available about the properties of their blood vessels.
Recently there has been considerable interest in the function of endothelial cells in blood vessels, particularly with respect to the phenomenon of endothelium-dependent relaxation (2) (3) (4) . This relaxative response is believed to be mediated by a metabolite of arachidonic acid derived from the lipoxygenase pathway (2) . This property of blood vessels has been shown previously to be impaired in atherosclerosis (4, 5) . Such findings have resulted in speculation that loss of this property could play a part in the pathogenesis of vascular spasm.
In view of the possible link between atherosclerosis and diabetes mellitus (6) , this study was conducted to examine the endothelium-dependent relaxation in the aorta of the BB rat. In addition, morphologic appearances of endothelial cells were examined by scanning electron microscopy of the aortas.
MATERIALS AND METHODS
The experimental animals were obtained from an inbred colony of BB Wistar rats in its 23rd generation, maintained at the University of Alberta (7). Endothelium-dependent relaxation was studied in two groups of animals (n = 7 in each). The experimental group consisted of insulin-dependent animals with overt evidence of diabetes mellitus. Animals were diagnosed as diabetic on the basis of random blood glucose levels in >13.9 mM on 2 successive days, glycosuria, and weight loss (7) . These animals were maintained on insulin according to the Department of Health and Welfare (Canada) guidelines. The control group consisted of BB Wistar rats that had no overt evidence of diabetes. On alternate days, all animals were weighed and the glycosuria monitored. The blood glucose was measured at weekly intervals.
The animals were anesthetized with an injection of pentobarbital sodium (25 mg/kg i.p.), and blood was taken via a cardiac puncture for glucose, total cholesterol, and triglyceride estimation. Blood glucose estimations were done with the Beckman glucose analyzer 2 (Fullerton, CA) (8) . Methodology for cholesterol and triglyceride estimations were described previously (4, 5) .
The thoracic aorta was excised, and excess connective tissue and fat was removed. The specimen was cut into rings 5 mm in length. Care was taken to avoid contact with the luminal surface to preserve the endothelial cells. The endothelium-dependent relaxation was examined in three rings from each animal. In one ring the endothelium was mechanically removed (9) , and in the other two the endothelium was intact. The rings were suspended in tissue baths of 22 ml capacity containing Krebs-bicarbonate buffer solution at pH 7.4. The solution was maintained at 37°C and continuously aerated with a gas mixture containing 95% O 2 /5% CO 2 . Isometric tension was recorded (Gould model 2400S, Cleveland, OH) by connecting the rings to force displacement transducers (Grass model F.T.03C, Quincy, MA). Before experimentation, the rings were stretched to an optimum basal tension of 2.0 g. log M). After the contraction reached a plateau, acetylcholine or histamine was cumulatively added to the bath (-8.0 to -5 . 5 log M for acetylcholine and -7 . 0 to -3 . 0 log M for histamine) to elicit a relaxative response. After completion of the above protocol, the tissue bath fluid was replaced with Krebs-bicarbonate buffer, and the tension was allowed to return to the baseline value. After 45 min, the relaxative response to sodium nitrite was examined in the deendothelialized ring after contraction with norepinephrine (-6.0 log M) as before.
-Scanning electron microscopy was performed on different animals after fixation by a pressure-perfusion system (10). After anesthesia, the chest was opened, and the aorta was perfused through a cannula inserted into the left ventricle. The tissue was perfused with 200 ml of Tyrode's solution at a pressure of 100 mmHg. Later the medium was changed to Tyrode's solution containing 2.5% glutaraldehyde (electron-microscopy grade), and the perfusion was continued with 200 ml more. This procedure allowed the entire animal to be fixed with the shape of the arteries intact. The arteries were dissected and placed in 2.5% glutaraldehyde in Tyrode's solution for 5 days. The pieces of arteries were processed for scanning electron microscopy according to methods described previously (10, 11) . Drugs. The following chemicals were used: acetylcholine chloride, histamine dihydrochloride, norepinephrine bitartrate, sodium nitrite (Sigma, St. Louis, MO). The Krebs-bicarbonate buffer solution used was of the following composition (mM): 116.0 NaCI, 5. Statistical analysis. In each protocol the number of rings studied was also the number of rats used. The data are expressed as means ± SE. A P value of <.O5 was considered significant for all analyses. Concentration-effect curves for acetylcholine and histamine (in control rats and diabetics) were compared by analysis of covariance (12) . In this analysis the concentration of the drug (acetylcholine or histamine) was used as the covariate. The diabetic and control rats were used as two treatment groups with the magnitude of relaxation as the dependent variable.
RESULTS
The animals were 18-22 wk old when studied. The diabetic group had received insulin for -10 wk. The body weights and other biochemical data are summarized in Table 1 . The diabetic rats weighed less than their controls and had significantly elevated blood glucose levels (P < .05). However, the serum cholesterol levels were not different between the two groups (P > .05). Endothelium-dependent relaxation. The aortic rings contracted with the addition of norepinephrine (-6.0 log M), and the contraction reached a plateau in 5-10 min. The mean tensions attained were 2.4 ± 0.3 and 2.5 ± 0.5 g for control and diabetic BB rats, respectively. The maximum relaxation in response to acetylcholine in control and diabetic rats was 57.0 ± 5.9 and 20.9 ± 5.9% of the contractile response to norepinephrine, respectively (P < .05; Fig. 1 ). The corresponding values for histamine were 52.0 ± 4.1 and 29.6 ± 8.9% (n = 5, P < .05; Fig. 2) . Thus, endotheliumdependent relaxations to both acetylcholine and histamine were impaired significantly in the diabetic animals. Effect of sodium nitrite. The relaxative responses to sodium nitrite were examined in the aortic rings of both control and diabetic animals. At concentrations of sodium nitrite of -4 . 0 and -3 . 0 log M, the relaxations in control animals (in deendothelialized rings) were 80.1 ± 10.5 and 97.6 ± 2.4%, respectively. The corresponding values in the diabetic animals were 49.2 ± 18.0 and 78.8 ± 9.0%, respectively (n = 4). Although there is a trend toward impairment of the relaxative responses to sodium nitrite in the diabetic animals, these differences were not statistically significant (.1 < P < .2 for -4 . 0 log M; .05 < P < .1 for -3 . 0 log M; Mest for unpaired data). Scanning electron microscopy. In nondiabetic rats the aortic endothelial cells showed clear cell margins. The cell surface was smooth and flat in most areas. The central areas appeared elevated in some cells. In diabetic BB rats, some areas of the aorta showed loss of cell margins. The cell^£ surface was irregular and appeared swollen. Some cells had small holes covering part of the surface. These holes were seen both at central and peripheral areas of the cell. These abnormal-looking areas were interspersed with normal-looking areas (i.e., similar to nondiabetic animals). Representative portions of tissues illustrating these features are shown in Fig. 3 .
DISCUSSION
The BB Wistar rat is widely recognized as an animal model for type I diabetes mellitus. A proportion of animals bred in any colony develop overt diabetes mellitus at -9 0 days of age. The remaining animals, although having an impaired glucose tolerance, do not develop overt diabetes mellitus (i.e., blood glucose consistently >13.9 mM, glycosuria, and weight loss). The basis for the syndrome is an insulitis in which two factors play a role, a genetic component and an immunological one. The former is believed to be the inheritance of an autosomal recessive characteristic involving a single gene with 50% penetrance (1) . The latter relates to a complex immunological disturbance (1), of which one manifestation is the development of antibodies to smooth muscle cells (13) . In 1980, Furchgott and Zawadzki (2) demonstrated that the endothelial cells of the rabbit aorta release a factor with vasodilator properties in response to acetylcholine. It is believed that this factor is a metabolite of arachidonip acid derived from the lipoxygenase pathway and is known as the endothelium-derived relaxative factor. Diabetes mellitus is associated with an impairment in the conversion of linoleic acid to arachidonic acid (14, 15) . Thus, it was of interest to determine whether endothelium-dependent relaxation was impaired in this animal model of diabetes.
Our study demonstrated that the endothelium-dependent relaxation observed in the aorta in response to acetylcholine and histamine is impaired in the BB rat. This finding and the morphologic changes observed in the endothelial cells of these animals support the claim that there is a disturbance of endothelial cell function in the BB Wistar rat. However, this conclusion has to be tempered by the finding that the relaxative response to sodium nitrite is impaired to some extent in the BB rat aorta, even though the effect was not statistically significant. Such findings raise the possibility that the impairment of endothelium-dependent relaxation is at least partially caused by a change in the response of the vascular smooth muscle to the endothelium-dependent relaxative factor.
Impairment of endothelium-dependent relaxation to acetylcholine has been demonstrated in the aorta of rabbits made atherosclerotic by feeding a high-cholesterol diet (4, 5) . In these studies the serum cholesterol in the experimental animals was markedly increased compared with that in control rabbits. In our study the impairment of endotheliumdependent relaxation was seen in the presence of normal serum cholesterol concentration. Thus, the pathogenesis of this impairment of endothelium-dependent relaxation in the BB rat is probably due to the diabetic state itself. Additional support for this view is provided by the finding that endothelium-dependent relaxation is also impaired in the streptozocin-induced diabetic rat aorta (16) . Although we treated the diabetic rats with insulin, no attempt was made (deliberately) to achieve complete control of the blood glucose level. It would be of interest to ascertain whether endothelium-dependent relaxation could be preserved by rigidly controlling the blood glucose concentration.
